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I n t r o d u c t i o n 

I n s p e c i a t i o n s t u d i e s i n n a t u r a l waters the k i n e t i c a s p e c t 

has to be c o n s i d e r e d s i n c e we are d e a l i n g w i t h dynamic systems. 

I n t h i s c o n t e x t the k i n e t i c s of d i s s o c i a t i o n o f heavy m e t a l com

p l e x e s w i t h some n a t u r a l l y o c c u r r i n g aminoacids has been a n a l y s e d . 

I n a g e n e r a l way the aminoacids do not dominate the com-

p l e x a t i o n of t r a c e metals such as c o p p e r ( I I ) , l e a d ( I I ) , Cadmium(II) 

and z i n c ( I I ) , but these complexes can e x i s t adsorbed on p a r t i c l e s 

and i n some e s t u a r i n e , c o a s t a l and i n t e r s t i t i a l w a t e r s , where the 

c o n c e n t r a t i o n of d i s s o l v e d o r g a n i c m a t t e r (DOM) may r e a c h v a l u e s up 

to a few hundreds of mg C / l . 

I t i s w e l l known t h a t c y c l i c voltammetry (CV) i s q u i t e a 

s u i t a b l e method to do k i n e t i c s t u d i e s s i n c e the scan r a t e v (time 

s c a l e of the te c h n i q u e ) can be e a s i l y changed of s e v e r a l o r d e r s o f 

magnitude. So CV was used w i t h the hanging mercury drop e l e c t r o d e 

to determine the r a t e c o n s t a n t s of d i s s o c i a t i o n i n the non-complexing 

medium of NaClO^ a t the i o n i c s t r e n g t h o f seawater (0.70 M) and i n 

s y n t h e t i c seawater i n o r d e r t o a s c e r t a i n t h e i n f l u e n c e o f the major 

s a l i n i t y components, namely the c h l o r i d e i o n and the a l k a l i n e e a r t h 

m e t a l s C a ( I I ) and M g ( I I ) . 
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The CE mechanism 

The k i n e t i c s t u d i e s were c a r r i e d out 

f o r the systems i n Ta b l e 1 where the ad

s o r p t i o n mechanism was not superimposed. 

Table 1 

C d ( I I ) + G l u t a m i c Ac. Z n ( I I ) + Glutamic Ac. 
C d ( I I ) + A s p a r t i c Ac. Z n ( I I ) + A s p a r t i c Ac. 

Z n ( I I ) + G l y c i n e 

The CE mechanism i s e a s i l y r e c o g n i z e d 

by the voltammograms shown i n F i g . 1 f o r the 

system Z n ( I I ) + G l u t a m i c A c i d ( i n NaCIO,) 
4 

f o r d i f f e r e n t v a l u e s o f v . I n t h i s f i g u r e 

wave I i s due to the r e d u c t i o n of the m e t a l 

i o n coming from the d i s s o c i a t i o n of the com

p l e x , wave I I i n v o l v e s the d i r e c t r e d u c t i o n 

of the complex (es) and i n the r e v e r s e scan 

wave I I corresponds to Zn(Hg) t Z n ( I I ) + 2e. 

As v i s i n c r e a s i n g the c u r r e n t of wave I 

decreases w h i l e t h a t o f wave I I i n c r e a s e s , 

s i n c e t h e r e i s l e s s time f o r the d i s s o c i a t i o n 

of the complexes. 

D e t e r m i n a t i o n of the r a t e c o n s t a n t s of 

d i s s o c i a t i o n k. 

-900 -1100 

POTENCIAL VS SSCE/mV 

F i g . 1 
The d e t e r m i n a t i o n of k, v a l u e s i n v o l v e s 

Q 
a p l o t of i j / i ^ v e r s u s v a c c o r d i n g to 
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1/2 1/2 
i d / i k = 1.02 + 0.471 (||) a (v/£) (1) 

v a l i d f o r a r e v e r s i b l e charge t r a n s f e r and where i d and i f c a r e the 

d i f f u s i o n and k i n e t i c c u r r e n t s r e s p e c t i v e l y , I i s the sum of the pseudo 

r a t e c o n s t a n t s and a i s g i v e n by the r a t i o of the n o n - e l e c t r o a c t i v e and 

the e l e c t r o a c t i v e s p e c i e s . 

The i , v a l u e s can be determined e i t h e r from the r e d u c t i o n wave d 

i n the absence of l i g a n d assuming the s i m i l a r i t y of the d i f f u s i o n c o e f 

f i c i e n t s of the metal and the complexes, or from the second r e d u c t i o n wave 

at l a r g e v a l u e s of v. Because wave I I i n v o l v e s an i r r e v e r s i b l e e l e c t r o n 

t r a n s f e r the f o l l o w i n g e q u a t i o n has t o be c o n s i d e r e d 

. r e v _ . i r r e v 0.446 1 
\ = \ 0.496 / a 

(2) 

the charge t r a n s f e r c o e f f i c i e n t a b e i n g determined from the v a r i a t i o n 

of the peak p o t e n t i a l w i t h v. 

While cadmium r e d u c t i o n i s r e v e r s i b l e f o r the scan r a t e s con

s i d e r e d , the same i s not t r u e f o r z i n c t h a t behaves as a q u a s i - r e v e r s i b l e 

system, i . e . , even i n the absence of l i g a n d i /v decreases w i t h v. 

Al t h o u g h e q u a t i o n (1) i s o n l y v a l i d f o r r e v e r s i b l e systems, the r a t i o 

i , / i , can s t i l l be used s i n c e i , (the d i f f u s i o n c u r r e n t i s the absence d k a 

of l i g a n d ) and i . are bot h a f f e c t e d i n the same way by the q u a s i -

r e v e r s i b l e r e d u c t i o n of Z n ( I I ) . 

I n NaClO^ the f o l l o w i n g scheme 

k, 2+ 
ML„ <-> ML — M + L 

k f 
has been p o s t u l a t e d . On the o t h e r hand i n s y n t h e t i c seawater the 
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g l o b a l r e a c t i o n 
„ 2+ 
Ca _ k d MgL ML_ f—> ML + { + y C l MCI + f 
vr 2 + TT y CaL Mg k' 

can be c o n s i d e r e d the sum of the f o l l o w i n g s t e p s . 

a) ML —£• M 2 + + L 

b ) M § 2 + M T 

C a 2 + - C a L 

c) y C l + M2+-^=wMCl 
^~ y 

A c c o r d i n g to these mechanisms and c o n s i d e r i n g the f a c t t h a t 

^MgL^ M^ > ^CaL t b e f o i l o w i n g e x p r e s s i o n s have been deduced 

(Table 2) and t h e i r v a l i d i t y c o n f i r m e d by the c o n s t a n t v a l u e s of k. 
d 

o b t a i n e d (Table 3 ) . 

Table 2 

NaC10 4 0.70 M S y n t h e t i c Seawater 

P d 
1 M L 1 

- k P d = 
, | M L | 

Mg| | d | y 
P d 1 M L 1 + | M L 2 | 

P d = 
1 M L 1 + |ML_| 

Mg| | d | y 

P f • k d ß l l L l P f = K l L l ß M g L | M g l É MCI I " ' 7 

y 

a ) a 
| M L 2 | + 1 ML. 1 

a = 
|ML2| + 1 M L J 

a ) a 
|M| 

a = 
|M| 

| L | 
C L 

IT I -
C L 

1 ̂  1 
1 +'V |H| 

\L 1 
1 + ß H l R l + V |Mg 2 +| 

a) The e x p r e s s i o n of a is the same i n bot h cases s i n c e the c h l o r o -
complexes a r e c o m p l e t e l y l a b i l e s p e c i e s . 
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R e s u l t s and d i s c u s s i o n 

The v a l u e s p r e s e n t e d i n Tab l e 3 ar e c o m p a t i b l e w i t h the 

Eig e n ' s mechanism f o r complex f o r m a t i o n , i . e . , the r a t e d e t e r m i n i n g 

s t e p i s the l o s s of water m o l e c u l e s of h y d r a t i o n sphere of the met a l 

and so k^ i s of the ord e r of 10^ - 10^ M ^s ̂  and does not 

depend s i g n i f i c a n t l y on the l i g a n d . From the cons t a n c y of the v a l u e s 

o b t a i n e d f o r d i f f e r e n t pH we can conclude t h a t the p r o t o n i s not 

i n v o l v e d i n the d i s s o c i a t i o n s t e p . On the o t h e r hand the presence of 

CI and a l k a l i n e e a r t h i o n s a c c e l e r a t e s the d i s s o c i a t i o n of the ML 

s p e c i e s due to the f o r m a t i o n of chlorocomplexes and magnesium 

complexes. 
Ta b l e 3 

— M E D I U M 
C 0 M P L E X \ ^ ^ 

NaClO. 0.70 M 4 S y n t h e t i c 
Seawater 

k d / s " l k d / s - l 

Cd + Glutamic 
A c i d 

(4 + 1) x 1 0 5 (1 + 0.5) x 1 0 7 

Cd + A s p a r t i c 
A c i d 

(2 + 1) x 1 0 4 (3.2 + 0.8) x 10 

Zn + G l y c i n e (1.9 + 0.5) x 1 0 3 (5 + 2) x 1 0 4 

Zn + Glutamic 
A c i d 

(2.0 + 0.5) x 1 0 3 (7 + 2) x 1 0 4 

Zn + A s p a r t i c 
A c i d 

(4 + 1) x 1 0 2 — 
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